ATP-dependent unwinding of the double helix and extensive supercoiling by Escherichia coli recA protein in the presence of topoisomerase.
recA protein, which is essential for genetic recombination in Escherichia coli, causes extensive unwinding of the double helix by an ATP-dependent reaction and accumulation of positive supercoiling in closed circular double-stranded DNA. Initiation of the extensive unwinding was largely dependent on homologous single-stranded DNA. Therefore, it is likely that the extensive unwinding is initiated mainly at the site of D-loops. "Nascent D-loops" in which the two DNA molecules did not interwind were also good initiation sites of extensive unwinding. When the concentration of Mg2+ was decreased from the standard conditions for D-loop formation (13 mM MgCl2; the higher Mg2+ condition) to the lower Mg2+ condition (1 to 2 mM MgCl2), extensive unwinding by recA protein was initiated very quickly in the absence of single-stranded DNA. Results showed that this single-stranded DNA-independent initiation of extensive unwinding (i) requires negative superhelicity of the double-stranded DNA and (ii) is a first order reaction with respect to the DNA. These observations suggest that, under the lower Mg2+ condition, the extensive unwinding starts at a transiently denatured site in the negative superhelical DNA. Once initiated, the unwinding by recA protein is propagated extensively, even under conditions that do not allow its initiation. Therefore, the propagation of unwinding is a processive reaction ("processive unwinding"). Previous studies indicated that recA protein promotes "distributive unwinding" of double helix which depends on single-stranded DNA. Therefore, recA protein promotes unwinding of the double helix by either of two distinct pathways. Stress caused by the processive unwinding could explain the dissociation of D-loops and reversible inactivation of the double-stranded DNA in a D-loop cycle.